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INCREASING THE STRENGTE OF
ALUMINUM~ALLQOY COLUMKS BY PRESTRESSING

By M. Holt and E. C. Hartmann
SUMMARY

A series of tests was made in which the column strength
of 175-T tubing was increased as much as 50 percent by vpre-
stressing the tudbing to 40,000 pounéds ner square inch in
compression under conditions of support that prevented col-
umn failure at this stress. This prestressing achieves its
beneficial effects entirely by improving the compressive
properties of the materigl, principally the proportlonal o
limit.

INTRODUCTION
There is a range of large slenderness ratios in which

the column strengths of a group of alloys or tempers of =a
metal are independent of the compressive proportional’limlf

and yield strength., In this ranze of slenderness ratlos =

the average stresses at failure are in the elastic~stress

range and thes curve of column strengths under axial Iloads
can be represented by the Euler column formula. For de-
tressing slenderness ratios, the curve of column sirengths
rises ané, when the limit of the elastic~stress range of
an alloy is approached, its curve of column strength de—
parts from and is lower than the Euler columa curve. Thusg

the greater the compressive mroportional limit of an alloy, _
the higher will the column strengths follow the EBuler
curve and the higher will be the resulting curve of column
strengths. . \

Since the elastic~stress range of aluminum alloys can
be changed by suitable cold working (straining), it appears
that the column strength of an aluminum alloy could be in-—

. creased by prestressing the material to e compressive

stress exceeding the compressive proportional limit of the
original material. Of course, in order %to obtain this in-
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crease, the pieces from .which the columns are to be taken
would have to be supported leterally to nrevent buckling
at the column strength of the piece of original material.

The investigation described in this report was planned
for the purpose of studying the effécts of compressive pre-
stressing on the column streagth of zlunminum alloys.

DESCRIPTION OF TESTS

All tests in this investigation were nade on pieces
of 17S-T seanmless tubing with an outside diameter of 2
inches and a vall thickness of 0,083 inch. This naterial
wvas nade according to present commercial fabrication pro-
cedure. The tensile properties were well above the speci-—
fied mininum values as indiceted in table I. Conmpressive
stress-strain tests made on samples of the tubing in the
as~received condition indicated an average compressive
vyield strength 6,000 pounds per square inch below the ten-
slle yield strength, as is also shown in table I. This
difference in yield strengths is not unusual in naterial
of thig type.

Column tests were nade on mart of the tubing in the
as-~recelved condition and on part after it had been pre-
stressed to 40,000 pounds mer square inch in compression.
The prostressing was done in a 40,000-pound capacity test-
ing nachine ia practically the samne necnner that a colunn
test is node except that the tubes were laterally supported
et intervals of about 10 inches (L/r about 15) so that no
colunn faoilure would ocecur duering the prestressing opera=
tions, The lateral supovorts consisted of wooden stocks that
fitted tightly to the posts of the testing machine and snug-
ly around the tubes. The holes in the stocks were counter—
bored lepviug a contact ocaly Z/4-~inch wide between the tube
end the stock. The contact surfaces were lubricated with
soap so that ~ force of only 50 pounds would slide the tube
through the stocks. Figure 1 is a photograph showing the
prestressing arrangement.

After prestressing, sanples were cut fron the tubes
for tho determination of tonsile and conpressive properties
and the results are shown in table I.

The column tests on the tubing, both as~received and
prestrossed, were made with two conditions of ernds, round
and flat. The round-end tests were mode using ball-bearing
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spherical seats at each :end of the test specimens; and
flat—end tests were made with the ends of the specimens
bearing directly against the fixed heads of the tegting
machine. The ends of all specimens were carefully machined
flat, mutually parallel, and square with the longitudinal
axis to insure proper seating of the gspecimen against the
testing-machine heads. Great care was exercised in lining
up all specimensg to minimize eccentricities of loading.

RESULTS OF TESTS

Filgures 2 and 3 show the results of the column tests
made with round ends and with flat ends. Curves have been
drawn to fit the data in each case, the extreme righi-~hand
portions on sach figure being the well-~known Euler curve
based on a nodulus of elasticity of 10,300,000 pounds per
square inch. The Euler curve for the flat—end tests is
that for completely fixed ends (c = 4).

At the top of figures 2 and 3, curves are given show-
ing the percentage increase in column strength resulting
from prestressing. In the case of the round-end tests
(fig. 2), it will be found that prestressing has raised
the column strength over a range of slenderness ratios
from 20 to 80, the maximum increase indicated by the curves
being 50 percent at a slenderness ratio of about 50. TIn
the case of the flat-end tests (fig. 3) an increasse is
found over a range of slenderness ratios from 40 to 140,
the maximum increase being 34 percent at: & slenderness
ratio of about 100.

Figure 4 shows a typical compressive stress—~strain
curve for the as-received tubes in comparison with onec.
for the prestressed tubes. Comparing the two it will be
found thet the principal difference is an increase in the
proportional limit and that -the increase in yield strength
1s not nearly so large. The proportional linit hes been
raised practically to the strcss used in the prestressing
operation. This fact, of course, is responsible for the
princivgl increase in column strength. By inecreasing the
extent of elastic action of the material in compression,
prestressing has raised the stress at which the column
curves begin to drop below the Buler curve.
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PRACTICAL APPLICATION OF PRESTRESSING

Prestressing in compression is entirely practical as a
method of imvroving the compresslve properties, and hence
the column strength, of both tubing oand shapes of any of -
the cluminum alloys. The equipment required is a press of
suitable leigth and cavacity equipped with a rigid frame
and o set of guides for preventing lateral failure of—the
materiel being prestressed. A vress similar to a testing
nachine, on which the load can be measured and controlled,
is desirable but not essential. In the absence of a load-
welghing device, it is only necessary to use a strain-
measuring device on the pieces being prestressed.

The selection of the proper stress (or strain) %o use
in the prestressing operation is o matter of considerable
inportance, Qbviously, the stress must be sbove the origi-
nal elasgstic range of—the material or no improvement is ac-
complisheds In the ideal case, the new compressive propor-—
tional linit of the material will be equnl to a value Just
below the amount of prestress and, if no eccentricities of
logding ore nresent, the new 001umn curve wilill follow the
Euler curve practically up to this stress. This method
gives a means of predicting the results of prestrossing
and helps in the selection of the.amount of prestress, bul
there is one important restriction to be observed. Membors
subject to local failure cannot be prestressed above their
critical buckling stress unless local stiffening is applied
in addition to the stiffening against general sidewise
bending. Therefore, the degree of benefit to be derived
from Drestress1ng is a function of the degree to which a
nember is subject to local failure. ’

It will be noticed from table I and figure 4 that the
compressive yield strongth of the 17S5-T tubes used in this
invegstigation was raised 13 percent by prestressing fto
40,000 poinds pér square inch. In o preliminary test in
this same investigation another piece of the tubing was ~
prestressed to 45,000 pounds ner Bjuare inch with a resuli-
ing increase of*24 percent in compressive yield strength.
On tubes with thicker walls even greater increases could be
obtained with higher amounts of prestress, Generally
speaking, however, the difficulties encountered in pre-
stressing increase considerably after the amount of pre-
stress exceeds the original compressive yield strength of
the nmaterial; so, for practical purposes, it would seen
that a stress equal to or slightly greater than the origi~



¥.,A.C.A.: Technical Note No. 618 5

nal compressive yield strength might well be selected as
the limiting value of prestress. . _

Another reason for not carrying the prestressing oper-
ation too far is the lowering of the temnsile yield streagth.
It will be noted in table I that the tensile yield strength
was lowered 5 perceént by prestressing to 40,000 pounds per
square inch in compression. In the nLelimlnary tE“E_ where
the plece was prestressed to 45,000 pounds per square iach .
in conpression, the tensile yield strength was reduced to = .
39,000 pounds per square inch (ll percent), which placed ™
it below the specified minimum for the naterial. 1% should
Pe noted that the change in tensile yield strength is less
than half the change in the compressive yield strength.

- e

There is no reason to expect any narked changes in
the other nroperties as a result of prestressing in com~
pression. The process is essentially one of mild cold _
working or "work hardening! and as such is not new to the
netal izdustry. An interesting vparallel of conpr3351ve
cold working is found in referencs 1.

Prestressing in compression has a tendency to exag-—
gerate any initial crookedness of members, which in turn
has a tendency to detract from the bemeficial effect on
colunn strength. This effect can be minirgized, however,
by close spacing and proper alinement of the lateral Sup—
ports used irn the prestressing operation. TWith careful
attention %o such details, there is practically no Limit
to the length of member that can be successfully »nre-—
stressod. '

It should be obvious from the foregoings discussion

that the beneficial effects of prestressing 'ars anpllcable
only to menbers which are to be used as compression nenbvers
in service. Menbcrs which are to be subgected exclusively
to tonsile stresses in service would, of course, derive no
benefit. In a large nGmber of service applications nembers
are subjected to both tension and conmpression, aand on such
nembers prestressing nay or may not be boneficial, depend-
ing upon the relative magnitudes of the service loadings_u
in tension and compression. When & member is dBSIgnQE_BEEPﬂ B
cipally for conmpression loadings and the tensile loadings o
are distinctly smaller than the compression loadings, the
prestr0831ng operation will always be found to be bencfi~ )

2l pravided that the member 1s in the criticel range of -
slenderaess ratios as previously outllncd. When, however,
the tensile loadings are equal %to or greater than thc cori—~
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prossive loadings, some or all of the benoflts of pre-
strosslng may be removed.

In order to illustrate this point, figure 5 hasg beon
prepored showing fthree compressive stross—strain curves on
sampleos of prestrogsed 17S-T tudbing. The curve marked 2
is the same as curve 2 in figure 4; that-is, it shows the
compresgsive stress—gtrain curve for tho 175-T tubing pro-
strossod to 40,000 pounds .per squaro inch in comprossion.
No tcnsion was applicd prior to dotermining this curve.
Curve 3 in figure 5 represents the compressive stross—
strain curve of a pioce .of the samo tubing which was loaded
to 30,000 pourds poer.square inch in tension after having
been prestressed in compreossion. Comprossive stress—straln
curve 4 reopreseonts another piece of the samo tubing loaded
to 40,000 pounds por square inch in tension after having
beon prostrossed in conpression. It is clear fron an exan-
ination of these three curves that the tenglle loadings
have had only a snall effect on the compressive yield
strength of--the material, ‘but a much greater effect on the
conpressive proportional linmit of the material. 'The 20,000
pounds per square inch tensile loanding produced very llttle
chonge in the general shape of .the stress—stirain curve,
whereas the 40,000 pounds per square inch tensile loading
lowered the curve consideradly. In fact, a comparison of
curve 4 in figure 5 with curve 1 in figure 4 indicates
that the application of 40,000 pounds per square inch in
tension brought the conpressive stress-strain curve of the
naterial about halfway back to its original paesition before
prostressing in compression. This result would, of courss,
have a very narked offect on the colunn strength of the
nateriasl and indicates that tensile loadings having a nag-
nitude about equal tv the amount of conpressive prestress
will renove a considerable portion of~the beneficial ef-
fects of prestressing, The snall changc produced by the
30,000 pounds pér square inch tengile loading on the con-
pressive stress-strain curve, however, indicates that ton-
sile loadings loss than three-guartors of the amount of
conpressive pregtrosg would produge relatively little ro-—
duction in the bencficial effects of prestressing.

Aluninun Research Laboratories,
Aluninun Conmpany of Anerica,
New Kongington,' Pa., Sept+ 23, 1937.

REFERENCE
l. Woldnan, N. E.: Cold Working of Hollow Cylinders by

Auto-Frettage. Trans. Am. Soc. for Metals, March 1937,



MECHANICAY, PROPERTIES OF MATERTAT, BEFQRE AND AFTER PRESTRESSING

TABLE I

After prestressing

As received 1n compression Percentage
to 40,000 1b,/sg.1n. change
Tensile properties
Ultimate strength, lb./sq.in. 64,000% 65,000 +2
Tield strength, 1b./sq.in. 44,000% 42,000 -5
Elongation in 2 inches, percent B 28 0
Compressive properties
Tield strength, 1b./sq.in. 38,000 43,000 +13
Proportianal limit, 1lb./sq.in. 23,000 39,000 +70

*N¥avy Department Specification 44T2la, October 2, 1933, gives the following minimum prop-
erties for 175-T tubing of this size: Tensile strength, 55,000 1p./sq. in.; yield
strength, 40,000 lb./sq. in.; and elongation in 2 inches, 12 percent.
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